Fuzzy comprehensive evaluation of coal mine safety investment structure based on the M(1,2,3) model  by Nie, Bai-Sheng et al.
Energy Procedia 16 (2012) 592 – 597
1876-6102 © 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of International Materials Science Society .
doi:10.1016/j.egypro.2012.01.095
Available online at www.sciencedirect.com
Energy
Procedia
          Energy Procedia  00 (2011) 000–000 
www.elsevier.com/locate/procedia
2012 International Conference on Future Energy, Environment, and Materials 
Fuzzy comprehensive evaluation of coal mine safety 
investment structure based on the M(1,2,3) model 
Bai-Sheng Niea, Peng-Fei Zhaoa, Jian-Hua Guoa, Peng-Peng Niua, Guo Wanga,*
aSchool of Resources and Safety Engineering, China University of Mining & Technology, Beijing,100083,China 
Abstract 
Insufficient investment in safety and irrational of security investment structure is one of the causes of accidents are 
occurring in the coal industry. This article takes fuzzy comprehensive evaluation on the rationality of the mine safety 
investment structure by M (1,2,3 ) model on the basis of the analysis of the correlation between coal mine safety 
input and safety production status. The evaluation results show that personnel training and investment in safety 
technology is the key of accident prevention, management investment is the main factor of affecting the rationality of 
coal mine safety investment structure; the fuzzy comprehensive evaluation based on M(1,2,3) model can improve the 
precision of fuzzy comprehensive evaluation. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
Occurrence of major accidents in the coal industry seriously affected economic development in China. 
The situation of safe production improved stability with the progress of security technology and the 
continuously improve of safety laws and regulations, but, the question is still serious. Insufficient 
investment in security is one of the main reasons for the frequent occurrence of safety accidents in coal 
mine [1-2], and the unreasonable of security investment structures will have a tremendous impact on 
production. Through discussion on the relationship between coal mine safety production investment and 
safety production status can increase awareness of safety investment in coal mine enterprises; taking fuzzy 
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comprehensive evaluation to the rationality of safety investment structure can find the problem and point 
the direction for the improve of it. 
2. The analysis of the relationship between coal mine safety investment and coal mine safety 
production status 
Theoretically, increase in coal mine enterprise safety investment, to a certain extent reduces the rate of 
accidents of coal mine enterprise and accident losses. We will use fixed assets investment in coal industry 
representatives of safety investment and use million tons death rate representatives of safety production 
status, and then analyze the relationship of them from the perspective of empirical. The data in table 1 is 
fixed assets investment in coal mine safety and million tons death rate from 2001 to 2010. 
Table 1 The data of fixed investments and the death rate of million tons 
Year Fixed investments（billion yuan） The death rate of million tons 
2001 217 5.07 
2002 286 4.942 
2003 413.68 3.711 
2004 690.4 3.081 
2005 623.62 2.811 
2006 759.44 2.041 
2007 836.11 1.501 
2008 1014.37 1.182 
2009 1240.72 0.892 
2010 3770.3 0.749 
Making log-processing and regression analysis to these data with metering software eviews5.1, then, 
judging the correlation ship between coal industry investment in fixed assets and the million tons death 
rate. See the analytical result in table 2. 
Table 2 Regression results
Dependent Variable: Y 
Method: Least Squares 
Date: 10/08/11   Time: 21:11 
Sample: 2001 2010 
Included observations: 10 
Variable Coefficient Std. Error t-Statistic Prob. 
C 6.013010 0.745235 8.068605 0.0000 
X -0.800229 0.112717 -7.099439 0.0001 
R-squared 0.863018 Mean dependent var 0.757468
Adjusted R-squared 0.845896 S.D. dependent var 0.691450
S.E. of regression 0.271436 Akaike info criterion 0.406678
Sum squared resid 0.589422 Schwarz criterion 0.467195
Log likelihood -0.033392 F-statistic 50.40204
Durbin-Watson stat 1.238703 Prob(F-statistic) 0.000102
From table 2 we get R=0.863018 and F=50.40204, which can show there is strong linear correlation 
between safety input and safety production status in coal industry. The coefficient of x is minus shows 
that there is minus correlation relationship between them. 
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The above analysis illustrates that strong linear correlation between safety input and safety production 
status in coal industry, the increase of safety input can improve the situation of safe production of coal 
mine Enterprise. But, security investment in coal mine enterprise focused only on the quantity of how 
much is not enough, you must also ensure the rationality of safety input structure [3]. The following we 
will take fuzzy comprehensive evaluation on the structure of a coal mine safety investment and study its 
rationality. 
3. The steps of fuzzy comprehensive evaluation based on M(1,2,3) model 
The membership conversions of M(1,2,3) is based on data mining of entropy[4-5], the following are the 
steps of membership conversions of M(1,2,3) [6].
3.1. Calculate the distinguishable weight of target Q 
Supposed as the membership degree of j belongs to kC  the extent of ( )Qjkμ  can be quantitative 
descripted by entropy ( )QH j . Therefore, ( )Qjα  is a function of ( )QH j .
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3.2. Comparable value 
(1)Calculate comparable value matrix 
)()()( QQQ jkjj μαβ ⋅⋅ （ pk ~1= , )(Qjβ  is the importance weight of  j） (4) 
(2)Calculate the sum of comparable value ( )QM k
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3.3. Calculate the membership degree )(Qkμ
If )(QM k  is the sum of comparable value of target Q , )(Qkμ  is the membership degree which Q
belongs to the class of kC , then: 
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4. The fuzzy comprehensive evaluation of coal mine safety investment structure based on M(1,2,3) 
model 
4.1. Fuzzy comprehensive evaluation matrix of coal mine safety investment structure 
In order to analyze and compare the effect of the fuzzy comprehensive evaluation by M(1,2,3),we use 
the fuzzy comprehensive evaluation matrix of coal mine safety investment structure gave in text [7] , as 
shown in table 3. 
In table 3, the figures in the brackets which correspond to every layer part index are their importance 
weight, the vectors behind the lower indicators are their membership vectors including 5 grades 
{reasonable, more reasonable, general, less reasonable, and unreasonable}. 
Table 3. The evaluation index data of a coal mine safety investment structure 
Target First indicators Secondary index Membership degree vector  
Evaluation of coal m
ine safety investm
ent structure
Q
Investment 
 in people 
1A (0.37) 
Safety technology quality B11( 0.503) (0.4, 0.3, 0.1, 0.2, 0.0) 
Training of safety education B12 ( 0.262) (0.3, 0.3, 0.3, 0.1, 0.0) 
Safety precaution B13 ( 0.186) (0.2, 0.3, 0.4, 0.1, 0.0) 
Safety knowledge publicity B14( 0.049) (0.1, 0.2, 0.3, 0.3, 0.1) 
Investment 
in safety 
technology 
2A ( 0.53) 
Technology of “One Ventilation and Three Preventions B21( 0.380) (0.4, 0.4, 0.2, 0.0, 0.0) 
Safety technology of water prevention and control B22( 0.130) (0.2, 0.3, 0.3, 0.2, 0.0) 
Roof monitoring and control technology B23( 0.278) (0.2, 0.3, 0.4, 0.1, 0.0) 
Electrical and mechanical safety technology B24( 0.061) (0.1, 0.2, 0.3, 0.2, 0.2) 
Transportation safety technology B25( 0.046) (0.1, 0.1, 0.4, 0.2, 0.2) 
Enhance safety technology B26( 0.105) (0.2, 0.3, 0.3, 0.2, 0.0) 
Management 
 investment 
3A ( 0.10) 
Safety culture B31( 0.473) (0.1, 0.2, 0.4, 0.2, 0.1) 
Safety regulations B32( 0.216) (0.1, 0.2, 0.4, 0.2, 0.1) 
safety supervise B33( 0.171) (0.1, 0.2, 0.3, 0.3, 0.1) 
Accident statistics processing B34( 0.052) (0.1, 0.2, 0.4, 0.1, 0.2) 
Emergency rescue system B35( 0.088) (0.2, 0.3, 0.3, 0.2, 0.0) 
4.2. The fuzzy comprehensive evaluation of coal mine safety investment structure based on M(1,2,3) 
model 
(1)Take material supporting of the membership degree as an example, include such steps as follow. 
① Evaluation matrix of 1A :
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Calculate the distinguishable weight of jB1  according to ( )1AU , we can get the distinguishable weight 
vector: ( ) ( )099.0311.0279.0311.01 =Aα
② From table 3 we can get the importance weight vector: ( ) ( )049.0186.0262.0503.01 =Aβ
③ Calculate the comparable value of jB1 ( )42,1 "=j , get the comparable value matrix: 
596  Bai-Sheng Nie et al. / Energy Procedia 16 (2012) 592 – 597 Author name / Energy Procedia 00 (2011) 000–000  
( )
⎟⎟
⎟
⎟
⎟
⎠
⎞
⎜⎜
⎜
⎜
⎜
⎝
⎛
=
0005.00015.00015.00010.00005.0
0000.00058.00231.00173.00116.0
0000.00073.00219.00219.00219.0
0000.00313.00156.00469.00626.0
1AV
④ Calculate the sum of comparable value of 1A  according to ( )1AV , get: ( ) ( )0005.00459.00621.00866.00966.01 =AM
⑤ Calculate the membership degree vector of 1A : ( ) ( )002.0157.0213.0297.0331.01 =Aμ
Similarly, we can get the membership degree vector ( )2Aμ and ( )3Aμ of 32 ~ AA , and construct the 
evaluation matrix ( )QU  together with ( )1Aμ .
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(2)Calculate membership degree vector ( )Qμ  of safety management level according to step (1). 
( ) ( )007.0098.0286.0315.0296.0=Qμ
4.3. Identification  
Notice that the safety management level of the coal mine is classified in hierarchy, i.e., kC  is prior 
to 1+kC . Since the maximum membership rule for disorderly classification is not suitable for this case, the 
confidence identification rule is used instead [8].
Let ( )5.0>λλ  be the confidence degree, and calculate: ( )
⎭⎬
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⎧ ≤≤≥= ∑
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0 kQkK
k
t
t λμ ， Then Q 
belongs to 0K , and its confidence degree is no less than λ .In this case, Q has been estimated as more 
reasonable, and its confidence degree is no less than 61.1 %( 0.296+0.315=0.611). 
4.4. Analysis of evaluation results  
The confidence level of coal mine safety investment structure is “reasonable” only 29.6%, so the rank 
of coal mine safety investment structure still have a long chalk; Although outsourcing " more reasonable " 
levels, the confidence level is not large. So the rationality of the coal mine safety investment structure 
need improve. 
According to evaluation matrix we can get: the confidence level of first indicators 1A and 2A  belongs 
to “more reasonable” degree are 62.8% and66.1%, while the degree of   only is “general”. So 
management investment is the main factor of affecting the rationality of coal mine safety investment 
structure and need focus on strengthening. 
Judging the coal mine safety investment structure is “more reasonable”, the confidence level is 
61.1%.But, the final membership degree vector which from text [7] gets is 58 %(0.267+0.313=0.58).Both 
the  grades are “more reasonable”. But using the M (1,2,3) model can improve the accuracy of the 
evaluation to a certain degree and the result in this case improved from 0.58 to 0.611. 
5. Conclusions 
(1)There is significant linear correlation relationship between safety investment and safety production 
status in the coal industry. Safety production status will continuous improve with the raise of investment. 
Bai-Sheng Nie et al. / Energy Procedia 16 (2012) 592 – 597 597 Author name / Energy Procedia 00 (2011) 000–000 
(2)We can find that investment in people and safety technology are the key of accident prevention, 
Management investment is the main factor of affecting the rationality of coal mine safety investment 
structure and need focus on strengthening. 
(3)Using M (1,2,3 ) model to conduct fuzzy evaluation can improve the precision of present fuzzy 
comprehensive evaluation, then we can give the more reasonable proposal.  
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